Summary. Ovum fertilization after natural mating was inhibited in both oviducts after the insertion of a plastic spiral into one uterine horn. Spermatozoa were found in oviducts of control ewes between 4 and 24 hr after mating, but were almost totally absent from both oviducts of ewes with a spiral in one horn. Sperm numbers in the uterus were relatively low in`s piral' ewes. Spirals had these effects both 2 to 4 weeks and 8 to 10 months after insertion.
INTRODUCTION
Fertilization of ova was inhibited in the ewe by the presence of a plastic spiral in the uterine lumen (Hawk, 1965) . The fertilization failure appeared ten¬ tatively to be due to a lack of spermatozoa in the oviducts.
The results mentioned above were obtained after devices had been in the uterus for 2 to 4 weeks. This report concerns the anti-fertilization effect of such devices after 8 to 10 months in the uterus, and the results of other investigations related to this effect.
MATERIALS AND METHODS
The ewes were mostly Hampshire-Rambouillet crossbreds. They were checked for oestrus twice daily by vasectomized rams ; the presence of seminal fluids in the reproductive tracts of the ewes was avoided by the use of aprons on the rams.
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Surgical procedures were conducted with ewes under sodium pentobarbital anaesthesia.
Polyethylene plastic spirals were made and inserted aseptically into the uterus by surgery as described previously (Hawk, 1965) . They were inserted into most ewes between the 12th and 14th days of the oestrous cycle. The inserted spirals were 4-5 to 5 cm in length and varied from 5 to 7 mm in diameter, depending upon the size of the uterus. In ewes termed 'experimental', a spiral was placed in the lumen of one uterine horn slightly anterior to the external bifurcation. In ewes designated as controls, a spiral was inserted and removed immediately. The procedures followed in conducting individual experiments are given below. Ovum fertilization Ewes were mated three or four times with fertile rams when first detected in oestrus and three or four times again \ day later. They were killed 3 days after the first detection of oestrus, 66 to 76 hr after the first matings, and ova were recovered by flushing the oviducts with saline solution (0-9% NaCl). Ova were examined microscopically for cleavage and the presence of spermatozoa in the zona pellucida.
Sperm transport
The ewes were mated six times with at least four rams over a period of 30 min on the 1st day of oestrus. Ewes were killed at intervals of 4, 8, 12, 16, 20 and Spermatozoa were found in flushings from twenty-two of the total of twentysix oviducts from control ewes ( Table 2 ). In contrast, they were found only in two of the twenty-six oviducts from ewes with a spiral in one uterine horn (P<0-01). One of these oviducts was on the side of the spiral, and one was contralateral to it. This effect of the spiral, presumably inhibition of sperm transport into the oviducts, occurred with equal frequency in ewes with spirals in place for 2 to 4 weeks and for 8 to 10 months.
Spermatozoa were found in twenty-three of twenty-six individual uterine horns in control ewes, and only in nine of twenty-six horns in experimental ewes (P<0-01). The mean numbers of counted spermatozoa were also markedly less in experimental ewes than in controls.
In the experimental ewes, spermatozoa were found in three of thirteen individual uterine horns containing a spiral, the numbers being 1240, 16,500 and 53,300; most of the spermatozoa in the latter two cases were separated into heads and tails. Spermatozoa were found in six of the thirteen contralateral horns, in numbers ranging from 104 to 2430.
Of six experimental ewes killed 4 to 12 hr after mating, spermatozoa were found in one or both uterine horns of five ; of seven experimental ewes killed 16 to 24 hr after mating, spermatozoa were found only in one horn of each of two ewes. Since the number of spermatozoa found in uterine horns of control ewes did not decrease appreciably with time, it appears that intra-uterine spirals curtailed the presence of spermatozoa in the uterus more drastically during the later time period after mating than during the earlier period.
Spermatozoa were found in uterine bodies of seven ofthe thirteen experimental ewes, mostly during the first 12 hr after mating, and in uterine bodies of twelve of the thirteen control ewes. The numbers of spermatozoa washed from uterine bodies generally equalled about one-half of those flushed from a uterine horn of the same ewe.
The numbers of spermatozoa washed from cervices varied greatly among ewes, but tended to be higher in control than in experimental ewes.
In general, fewer spermatozoa were flushed from the oviducts and uterine horns of control ewes for the 8-to 10-month group than from control ewes for the 2-to 4-week group (Table 2 ). The reason for this difference is not known.
The ewes in the 2-to 4-week group in this experiment are those previously mentioned briefly (Hawk, 1965 (Carleton & Phelps, 1933) , rats (Kar, Kamboj, Goswami & Chowdhury, 1965) and cows (Hawk, Conley, Brinsfield & Righter, 1964) , and the inflammatory response has been implicated in the impaired fertility of rats (Greenwald, 1965) .
Ovum fertilization following intra-uterine insemination
Two ova from unmated experimental ewes were cleaving normally 2 days after transfer into oviducts of mated control ewes (Hawk, 1965) . In an initial attempt to determine whether ova could be fertilized in the oviducts of ewes with a spiral in the uterus, semen was injected into the anterior uterine horns of five experimental and five control oestrous ewes in pairs.
Three days later, each of seven ova recovered from control ewes was cleaving normally. Seven of eight ova recovered from experimental ewes were also cleaving normally (Table 3) Experimental ewes had relatively high numbers of spermatozoa in the uterine horns opposite the side of semen injection, i.e. in the horn containing the spiral. However, only 19% of these spermatozoa were intact (Table 4 ). The remainder were broken at the juncture of the head and neck into completely separated heads and tails.
It was noted that spirals lying free within the uterine lumen when semen was injected had usually moved posteriorly when the ewes were killed, and often had partially entered the cervix. This was noticed even more frequently in the experiment on ovum fertilization after intra-uterine insemination. In contrast, spirals in ewes killed for study of ovum fertilization and sperm transport follow¬ ing natural mating had been lying free within the uterine lumen for months without being moved into the cervix. Thus, it may be suspected that exteriorization and handling of the uterus when semen was injected initiated uterine motility which did not ordinarily occur in experimental ewes, even after natural mating.
Sperm breakage in the uterus
Initial attempts were made to study sperm breakage after injection of about 50,000 spermatozoa in diluted semen into ligated uterine horns. However, very few if any spermatozoa could be recovered 5 hr later. Larger numbers of spermatozoa, usually between 150 and 200 million, were subsequently injected so that spermatozoa could always be recovered from the uterine lumens. Uteri were flushed 5 hr after semen injection, a time chosen to precede the acute leucocytic response to the semen.
The group of ewes available for this experiment was somewhat heterogeneous. Spirals had been inserted between 9 and 215 days before the oestrous period at which semen was injected into the uterus, and three of the eight experimental ewes had a spiral in each uterine horn.
In three control ewes, most of the injected spermatozoa were recovered, and 90-3% were intact (Table 5) (Hawk, 1965) , thirty ova were recovered from twenty-five ewes with one or two spirals in the uterus, and only one was cleaving; eighteen of nineteen ova from sixteen control ewes were cleaving.
Ovulation in experimental ewes occurred at the proper time in relation to the beginning of oestrus (Hawk, 1965) Spirals promoted conditions in the uterus that resulted in breakage of spermatozoa, phagocytosis of spermatozoa, and perhaps in their unexplained disappearance. However, these things were observed for the most part after intra-uterine insemination and then primarily in the uterine horn containing the spiral. Therefore, it seems questionable whether these factors were major causes of inhibited ovum fertilization following natural mating. Rapid lysis of spermatozoa as they enter the uterus is a possibility, but it seems more likely that the absence of spermatozoa from the oviducts was due to interference by intra-uterine spirals with the physiological mechanisms normally involved in sperm transport.
Sperm breakage was noted in the two experimental ewes with the highest numbers of spermatozoa in the uterus following natural insemination, so it is conceivable that sperm breakage might be a major anti-fertility factor if sperm transport into the uterus occurred normally. The sperm breakage, possibly due to enzymatic activity, may have been related to the mild inflammatory con¬ ditions around the spiral.
Except for artificially inseminated cattle , the sheep is the only species in which it is known that intra-uterine devices interfere with sperm transport and ovum fertilization. Spermatozoa have been found in the oviducts of humans and superovulated monkeys with a device in the uterine lumen (Malkani & Sujan, 1964; Mastroianni & Hongsonand, 1964) and ovum fertilization occurs in rodents. Other known effects of mechanical objects in the uterine lumen on the reproductive process include the following : inhibition of blastocyst implantation in rats (Doyle & Margolis, 1964; Kar et al., 1965) , which is apparently due to passage of blastocysts out of the uterus (Greenwald, 1965) ; inhibition of blastocyst implantation and detrimental effects on embryos in rabbits (Adams & Eckstein, 1965; Marston & Chang, 1964) ; inhibition of ovulation in Indian water buffaloes (Buch, Shukla & Hawk, 1964) ; and hastened ovum transport in superovulated monkeys (Mastroianni & Hongsonand, 1964 
